Adipose tissue contains low-molecular-weight soluble substances which are utilized in preference to lipid for bacterial growth. These components are present in low concentration at the surface of adipose tissue, and the pH of the surface is high (>7.0). Bacteria growing on a thin layer of agar over an adipose tissue surface utilized glucose preferentially, but this was soon exhausted in the vicinity of colonies. Amino acids were then attacked, producing malodorous substances which were detectable as spoilage odors when the cell density was about 106/cm2.
Adipose tissue contains low-molecular-weight soluble substances which are utilized in preference to lipid for bacterial growth. These components are present in low concentration at the surface of adipose tissue, and the pH of the surface is high (>7.0). Bacteria growing on a thin layer of agar over an adipose tissue surface utilized glucose preferentially, but this was soon exhausted in the vicinity of colonies. Amino acids were then attacked, producing malodorous substances which were detectable as spoilage odors when the cell density was about 106/cm2.
Growth ceased at a cell density approaching 108/cm' because of substrate limitation. Bacterial lipolytic activity is not necessary for the development of bacterial spoilage of adipose tissue.
Although microbial spoilage of fats has received considerable attention, there has been little research on microbial spoilage at fat surfaces of fresh meat. It has been assumed that bacteria growing on the fat cover of meat must be utilizing lipids (2, 4) . However, adipose tissue should contain the same low-molecular-weight, water-soluble components as other tissues, and these components would be utilized by bacteria in preference to lipids (5, 6) . Further, growth rates reported for bacteria growing on fat surfaces (2) appear to be too high for microorganisms forced to subsist on a diet of unemulsified fat.
To determine the substrates available to bacteria in the environment presented by a moist adipose tissue surface, sheets of solidified 2% agar in distilled water, 1 mm thick, were laid on freshly cut fat surfaces of chilled lamb loins which were stored overnight in sealed boxes at 2°C. Strips of the agar (2 by 5 cm) were treated with perchloric acid, which was then neutralized with KOH. The supernatant was analyzed for glucose, glucose 6-phosphate, lactic acid, ammonia, and amino acids by methods previously described (5) . A second strip of agar was macerated with distilled water for determination of the pH. All fat surfaces had a pH in excess of 7.0. Glucose, lactic acid, amino acids, and ammonia were present in low concentrations (Table  1) . Glucose 6-phosphate was not detected.
A sheet of agar on a fat surface was inoculated with a log-phase culture of a nonproteolytic, nonlipolytic strain of Pseudomonas fluorescens NCIB 8865. The meat was incubated at 10°C in a sealed container, and two samples of agar were removed daily. One sample (1 cm2) was blended in peptone water, suitably diluted, and spread on nutrient agar plates for enumeration of bacteria. The second sample (10 cm2) was treated as described above for substrate analysis. Growth commenced without delay. Glucose was used initially and was exhausted by day 3. Amino acid utilization was evident on day 2, and lactic acid utilization was evident on day 3. Spoilage odors were detected on day 3, when the cell density exceeded 106/cm2 (Fig. 1) . The slight rise in amino acid concentration between days 5 and 7 was due to accumulation of histidine, the only amino acid that did not appear to be utilized by the bacteria.
The low-molecular-weight substrates present at the surface of adipose tissue are probably derived largely from the serum in cut blood vessels. The substrates are present in low concentrations and are rapidly exhausted by the bacteria. Growth of colonies would result in uneven distribution of nutrient so that amino acids are attacked while glucose is still present in agar not in the immediate vicinity of a colony. The buildup of histidine after growth ceased suggests that more substrates were diffusing from within the tissue, but at a rate too slow to maintain growth.
The high pH and low availability of carbohydrate substrates mean that spoilage due to bacterial growth will develop at a moist fat surface in a manner similar to that observed in dark, firm, dry (high pH) meat (8) . Like dark, firm, dry meat, moist fat will spoil more rapidly than normal muscle tissue, where the bacteria must reach a cell density in excess of 108/cm2 before glucose is exhausted at the meat surface and amino acids are attacked (6) . Early spoilage at fat surfaces will not be of great importance for chilled carcasses held under the usual commercial conditions if normal good practice is followed, because drying of the surfaces will pre-NOTES 1077 vent bacterial growth. With vacuum-packaged cuts of meat, fat surfaces are bathed in drip from the muscle, so early spoilage at fat surfaces does not usually occur. However, enclosing whole lamb carcasses in plastic bags to prevent weight loss and contamination that can occur with stockinette covers could lead to problems with early fat spoilage of chilled meat. Drip will collect at the bottom of bags enclosing vertically hung carcasses so that fat surfaces are free of drip but kept moist by the saturated atmosphere within the bag. Also, early spoilage of fat is probably an important cause of wastage of fresh meat held in domestic refrigerators, where entry of warm air through the opened door will result in condensation on the cooled fat surface.
It is clear that bacterial spoilage of adipose tissue and that of muscle tissue are essentially similar. In both cases spoilage occurs as a result of degradation of amino acids. Production of exoenzymes necessary for hydrolysis of lipids and proteins is suppressed by readily utilized carbohydrate substrates and is usually delayed until the late logarithmic phase of growth (1, 7) . Spoilage is therefore at an advanced stage before there is any attack upon the lipids and proteins of adipose or muscle tissue. It follows that the lipolytic potential of microorganisms is unrelated to their ability to spoil the adipose tissue of fresh meat.
